Introduction
Quality in German hospital care is a topic of growing awareness for both, the public as well as policy makers. It is the main task of each hospital to improve patient's health outcome.
Although every hospital is confronted with the same task it can be assumed that hospitals differ in their provided medical quality. The question arises if there are systematic differences which lead to good or poor outcome quality. A frequently discussed determinant of hospital quality is volume. It is hypothesized that hospitals with a higher case volume in an indication obtain a better outcome quality, i.e. the manufacturing's learning curve is applied to service organizations (Luft et al., 1987) . Accumulated case volume of a hospital leads to decreasing adverse event rates through improvement of skills, standardization, and better organization (Birkmeyer et al., 2003; Gandjour and Lauterbach, 2003) . Later, if learning reaches its plateau, high-volume hospitals are able to perform a procedure more regularly and therefore maintain their high level of learning (Gandjour and Lauterbach, 2003) . Furthermore, economies of scale may play an important role in this context. Larger hospitals might have a broader skill-mix in staffing and a better training environment, which could positively impact health outcomes. Additionally, hospitals with higher volumes can more easily afford better technical equipment. In the volume outcome literature, these concepts are often referred to the "practice-makes-perfect" hypothesis (Seider et al., 2004) 1 .
The volume-outcome relationship has been controversially discussed in the literature for more than three decades. For the first time, Luft et al. (1979) examined this relationship and found an inverse relation between mortality and case volume in ten out of twelve conditions. Numerous further publications followed with in-hospital mortality as the most commonly used indicator for outcome quality (Hughes et al., 1988; Wen et al., 1996; Birkmeyer et al., 2002; Barker et al., 2011). 2 In most cases the analyzes focus on specific conditions ranging from surgical or orthopaedic interventions for patients with heart diseases (Thiemann et al., 1999) , cancer (Patti et al., 1998) , or hip and knee fractures (Taylor et al., 1997) to the treatment of patients with AIDS (Hogg et al., 1998) .
In this paper we analyze the volume-outcome relationship in German hospitals. We focus on from a health policy point of view two important conditions, intact abdominal aortic aneurysm without rupture (AAA) and hip fracture (HIP). Hip fracture 3 is one of the most frequent hospitalization reasons among older age groups in Germany (Statistisches Bundesamt, 2011) . Due to the high incidence more than 1,000 hospitals in Germany treat those patients. In contrast, AAA 4 occurs far less frequently, i.e. treatment is performed 1 Another possibility is that due to a better quality more patients or referring physicians choose the hospital for treatment which is called the "selective-referral" hypothesis. We will talk about the underlying causality assumptions in the discussion.
2 Additional quality indicators are complications rates, length of stay, or death within a defined time interval (Browne et al., 2009; Forte et al., 2010) .
3 Hip fractures are fractures in the area of the hip which are mostly caused by falls. Treatment includes either a conservative therapy, a joint preserving therapy or a total or half replacement of the hip joint (Beck and Rüter, 1998) . 4 Abdominal aortic aneurysms are dilatations of the abdominal aorta of over three centimeters. An operation is necessary if the dilatation exceeds five centimeters. In this case, treatment is provided by fewer hospitals. However, the treatment of AAA is complex and every mistake in the treatment process can lead to clinical complications (Agency for Healthcare Research and Quality, 2007) . To sum it up, the two indications differ in prevalence and therefore volume rates as well as the number of hospitals in which the conditions are treated.
However, they are comparable as for both the outcomes depend highly on the hospital quality as international evidence suggests: Most empirical studies which examine the volumeoutcome relationship of intact abdominal aortic aneurysm (AAA) found that the case volume of a hospital has a significant effect on quality (e.g. Birkmeyer et al., 2002; Dimick and Upchurch, 2008; Holt et al., 2009; Wen et al., 1996) . Recent publications distinguish between patients with an open and an endovascular aneurysm repair (EVAR) (Dimick and Upchurch, 2008; Holt et al., 2009; Landon et al., 2010; McPhee et al., 2011) . So far, evidence for Germany is lacking with only one study from Eckstein et al. (2007) . They used clinical data from the years 1999 to 2004 with 10,163 patients from 131 hospitals. The authors only examined the effect of open aneurysm repair and found an inverse relationship between mortality and case volume between patients treated in hospital with the lowest case volume and patients in hospital with the highest case volume.
Hip fracture is less frequently evaluated in volume-outcome studies. Studies which consider hip fracture usually find no significant relationship between volume and outcome (Browne et al., 2009; Hamilton and Hamilton, 1997; Hamilton and Ho, 1998; Sund, 2010) . Only Hughes et al. (1988) and Forte et al. (2010) find a significant relationship for patients with a hip fracture, but the study of Hughes et al. (1988) is criticized because of its insufficient risk adjustment (Hamilton and Hamilton, 1997) . Except for Wenning et al. (2000) no studies using German data could be identified. They examined the volume-outcome effect for patients with a femoral neck fracture. The authors used data from 1993 to 1998 with a total of 26,005 patients and found significant differences in mortality rates between patients treated in hospitals with the lowest case volume and patients treated in hospitals with the highest case volume. But like Eckstein et al. (2007) the cluster structure of the data was not considered and no further hospital characteristics were added to the regression analysis.
We are the first to present a large scale study for Germany using a full in-patient sample of all 1,717 German hospitals. Additionally, we provide new evidence for a volume-outcome relationship for patients with a hip fracture, for which international evidence is sparse. The remaining part of this paper is organized as follows: Section 2 describes the data and the estimation strategy. Results are shown in Section 3, and Section 4 concludes.
either with an open operation or with an endovascular aneurysm repair (EVAR) to avoid a rupture of the abdominal aorta (Torsello et al., 2005) .
Data and Methods

Data
The analysis is based on administrative data generated by the German system of diagnosis related groups (DRGs) 5 of about 18.6 million hospital cases of 1,717 German hospitals from the year 2007. The data is a full sample of all in-hospital patients in Germany except psychiatric cases. The data are normally used for billing purposes towards insurance companies. They include detailed information on patient characteristics like age, gender, length of stay with admission and discharge date and status, main diagnosis 6 and secondary diagnoses given with the respective German ICD-10 codes. Additionally, the data contain information on hospital level about ownership type (private not-for-profit, private for-profit and public), bed capacity, and teaching status.
We use in-hospital mortality as a quality indicator. For both conditions, mortality is one of the inpatient quality indicators approved by the Agency for Healthcare Research and Quality (AHRQ) (Agency for Healthcare Research and Quality, 2007) and can therefore be used to examine differences in quality between hospitals. Mortality is a common quality indicator (Birkmeyer et al., 2002; Keeler et al., 1992) as it is the most serious clinical outcome.
Additionally, in contrast to other outcome variables mortality is regarded as robust against different coding behavior of hospitals (AOK-Bundesverband et al., 2007) . The latter point applies to the quality of the data set. Every hospital records its own data. Because hospitals know that the data is used for a qualitative evaluation it is possible that adverse events, for example complications, are not coded (Romano et al., 2002) . Thus, we would not only evaluate quality differences but also coding differences between hospitals.
For this study we concentrate on patients with intact abdominal aortic aneurysm (AAA) and hip fracture. For AAA we use diagnosis and procedure codes which were defined by the German Federal Joint Committee in their quality assurance agreement for this condition (Gemeinsamer Bundesausschuss, 2010) . This includes patients with an intact AAA who get an open or endovascular aneurysm repair (EVAR). Thus, patients with ruptured AAA were not subject of this analysis. We identified diagnoses for hip fracture patients by using the definition of the Federal Office for Quality Assurance (Bundesgeschäftsstelle Qualiätssicherung, 2008) and Browne et al. (2009) . We include patients with a femoral neck or a pertrochanteric fracture who undergo either an open or closed reposition or get an implantation of an endoprothesis.
The identification strategy was as follows: First, we identified all potentially eligible patients for each condition by including all patients with a valid ICD-10 code as main or secondary diagnosis and a matching procedure code. Patients with an eligible ICD-10 but a missing procedure code are not included. Second, we exclude patients in each condition, if the respective condition was coded as a secondary diagnosis. These patients differ signifi-cantly from patients with the condition as main diagnosis. They have, for example, a higher mortality rate and a longer length of stay. Hence, it has to be assumed that the outcome of these patients is primarily determined by their main diagnosis. For this reason, they are excluded from the sample. However, case volume was calculated by summing up all eligible patients including those with a secondary diagnosis and a ruptured AAA as the performance of these procedures also contributes to the learning effect of the hospitals (Landon et al., 2010) . The exact identification algorithm for both conditions is given in the Appendix in Figure A1 and Figure A2 . Accordingly, our temporary eligible sample consists of 8,405 AAA patients from 485 hospitals and of 99,705 hip fracture patients from 1,212 hospitals.
In general, it is recommended that for analyzes with mortality rates hospitals with less than one or rather less than five expected deaths should be excluded (Ash et al., 2003) . In the present study especially hospitals with a low case volume are of importance because for these hospitals it is expected that they have the lowest quality. Therefore, it is not conducive to exclude them. Hence, we classify the case volume of hospitals in quintiles 7 . As a result, we can distinguish between patients who are treated in hospitals with a very low, low, medium, high, and very high case volume.
Except for volume the treatment effect is furthermore influenced by risk factors of the treated patients. For this reason, we control for age, gender, and admission status. A detailed definition of all variables is given in the Appendix in Table A1 . Furthermore, we include an indicator variable for the type of hip fracture (only for hip fracture patients) and for the type of operative procedure (only for AAA patients). To account for number and severity of secondary diagnoses we use Charlson Comorbidity Index (Charlson et al., 1987) . This is a standard approach for risk adjustment in the literature. For this purpose we use diagnosis codes of Quan et al. (2005) who mapped the original codes from ICD-9 system into the ICD-10 system. Another possibility for comorbidity risk adjustment is the method of Elixhauser et al. (1998) . Both models lead to similar results. Therefore, only the estimates with Charlson Comorbidity Index are presented in this paper. 8
Other studies have shown that next to volume further hospital characteristics, e.g. ownership (Milcent, 2005) or teaching status (Ayanian and Weissman, 2002; Keeler et al., 1992) , could also responsible for a different quality of care. Hence, we include variables for teaching status, university hospital, ownership characteristics, hospital bed size, and location. As it is not possible to determine all hospital characteristics for all hospitals in the sample we lose some observations. The final sample for AAA consists of 8,301 patients treated in 478 hospitals and for hip fracture of 96,649 patients treated in 1,192 hospitals. Table 1 and Table 2 show descriptive statistics of variables used in the analysis for AAA and hip fracture, respectively. The overall unadjusted in-hospital mortality rate is 3.5 % for AAA repair and 5.7 % for hip fracture treatment which are high mortality rates compared to an average hospital stay. The yearly case volume for the treatment of AAA ranges from 1 to 7 This is a classification which is often used in the volume outcome literature. Nevertheless, this is an arbitrary division. Therefore, we also specified the case volume as a continuous variable and in tertiles. The case volume effect is robust for all different classifications.
8 Regression results with Elixhauser comorbidities can be found in the Appendix in Table A2 . 
Methods
We use multiple logistic regression analysis with y ih indicating whether the patient i has died in hospital h (y ih = 1) or not (y ih = 0). We estimate the following equation via maximum 
where y * ih is an unobserved latent variable which determines whether the patient died in hospital, vol is a categorical variable for the case volume, x are the patient characteristics, k are the hospital characteristics, and ε is a standard logistically distributed error term.
We use cluster-robust standard errors to account for the dependency of patients in the same hospital. Another possibility to account for the correlation of the error terms of patients in the same hospital is to add a random intercept to the model. Both approaches lead similar results. Therefore, we only present results with cluster-robust standard errors. However, it is important to account for the hierarchical structure of the data. Otherwise it leads to an underestimation of the variance or standard errors as the dependency of patients in the same hospitals is ignored. An issue often neglected as in e.g. Browne et al. (2009) ; McPhee et al.
(2011); Wen et al. (1996) or Wenning et al. (2000) .
Results
Estimation results for in-hospital mortality for AAA and hip fractures patients are shown in Table 3 . For both indications a significant effect of case volume on quality is observable. We present results as odds ratios. Compared to patients with AAA treated in very low volume hospitals with less than 19 operations per year all other patients have a lower odds ratio for mortality. Though, those coefficients are significant only from the third volume quintile. For patients with hip fractures significant differences to patients treated in hospitals with the lowest case volume exists for patients treated in hospitals with more than 134 cases (as from the fourth case volume quintile). Figure 1 shows the estimated average in-hospital mortality probability in each case volume quintile for both conditions with all other variables at their means. We can see a steady decrease of in-hospital mortality with an increasing case volume, except for the third case volume quintile for hip fracture patients. Patients with AAA who are treated in hospitals with less than 19 cases per year have an average probability of death of 3.3 % compared to an average mortality of 1.7 % for patients who are treated in hospitals with more than 85 cases.
If all patients with AAA treated in hospitals with less than 19 cases per year (n = 1,786) would be treated in an average hospital of the fifth quintile 28 deaths could be presumably avoided.
For patients with hip fracture the case volume effect is lower. However, compared to patients treated in hospitals with less than 70 cases per year the average probability of death for patients treated in hospitals with more than 176 cases is 0.7 percentage points less. Because of the higher incidence of hip fractures, in total 140 deaths per year could be presumably avoided if all patients treated in hospitals with less than 70 cases (n = 19,420) were treated in an average hospital of the fifth quintile.
Patient characteristics are consistently significant for both AAA and hip fracture models.
It is found that increasing age, increasing number and severity of comorbidities are associated with a significant increase in the odds of mortality for both indications. Compared to patients with open aneurysm repair patients with an EVAR have a significant lower odds of mortality.
The odds of mortality are also significant higher for men compared to women in the hip fracture treatment. In contrast, hospital characteristics have no significant effect on mortality.
Discussion
Limitations
The relationship between case volume and quality can be explained with two hypotheses with opposite causality directions. The "practice-makes-perfect" hypothesis states that an increasing case volume in a specific indication improves the outcome quality. The opposite causal direction is called the "selective-referral" hypothesis, which states that because of the high quality of a hospital the case volume increases. If the latter is true, than our estimate of the volume effect would be biased. However, instrumenting volume with the number of potential patients and on the number of further hospitals in the regional area Gaynor et al. (2005) did not lead to different results, at least for CABG patients. Additionally, "selective-referral" assumes that quality information is readily available, so that patients can make a choice based on quality information. Even though there is some evidence, that patients choose hospitals based on quality (Varkevisser et al., 2012) , readily accessible information about quality in German hospitals only became available during summer 2007. Hence, it is unlikely that the publication of so called "quality reports" could heavily influence the results with our data from 2007.
Furthermore, hospital choice models sensibly assume that there is a correlation between patients' severity of disease and hospital choice (Gowrisankaran and Town, 1999) . As we have the zip codes of all our patients and the exact address of the hospital we computed travel times for all our patients (shown in the Appendix). We cannot detect any differences in travel time for disease severity measured by Charlson Comorbidity Index. Nevertheless, as we cannot fully rule out that unobservable characteristics of the patients correlate with their hospital choice, further research is necessary.
Conclusion
In this study we have estimated the effect of case volume on outcome based on a full sample of administrative data from the year 2007. We have shown a significantly inverse relationship between volume and mortality for the treatment of patients with AAA and hip fracture.
We are the first who provide estimates for the number of lives that could potentially be saved. Even though we are confident that the causal direction goes from volume to outcome, it is important to stress that we only found evidence for a correlation so far. As pointed out before, it is essential to assess the direction of causality also empirically by using an instrumental approach. If volume triggers quality, a concentration of certain procedures would lead to an increase in the overall quality of medical care. As a result, only hospitals with a certain case volume would be allowed to treat patients with e.g. AAA or hip fracture.
Accordingly, hospitals with a very low volume would be forced to exit the market by minimumvolume regulations.
In this case, further research is necessary to evaluate whether sufficient medical services are locally provided in the treatment for AAA or hip fracture patients. For example, if all hospitals in the first quintile of AAA had to exit the market, 300 hospitals, i.e. nearly two third of all hospitals, would not provide any further services in treating AAA. Depending on the area a closure could compromise provision of services. To ensure an adequate access to health services travel time for patients must not exceed a certain amount of time. If travel time in regions exceeds a certain threshold, it could be beneficiary to allow so called "sole providers" (Gale and Coburn, 2003; Ricketts and Heaphy, 2000) to stay in the market. Furthermore, if minimum-volume regulations are introduced, capacity thresholds of high-volume and high quality hospitals have to be accounted for when treating additional patients from closed low volume hospitals. Notes: Odds Ratios with 95% confidence intervals in brackets based on cluster-robust standard errors; * p < 0.10, ** p < 0.05, *** p < 0.01 Figure A3 : Distribution of travel time for patients with AAA and HIP (in minutes) ! Notes: 1) Patients with the longest travel time (the upper first percentile of patients) were excluded from the calculation of the mean and the standard deviation.
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A Appendix
2) The PCCL is specific to the German DRG system and measures the different resource consumption of patients within the same DRG, accounting for possible multimorbidity. The PCCL is calculated during the billing process using secondary diagnoses, i.e., a higher PCCL leads c.p. to higher reimbursement for the hospital. The values of the PCCL range from zero (non-severe) to four (most severe).
